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Abstract

Background Assessing plasma volume is important in the management and treatment of severe acute pancreatitis
(SAP). Although it is an easy and rapid method for estimating the plasma volume, the association between estimated
plasma volume status (ePVS) and the prognosis of SAP remains elusive. This study was aimed at assessing the
relationship of ePVS with the risk of 30-day all-cause mortality (ACM) in SAP patients.

Methods This study collected clinical data on SAP patients in the ICU from the MIMIC-IV database. LASSO regression
was used to screen for relevant covariates. The nonlinear relationship of ePVS with the risk of 30-day ACM was
assessed utilizing the restricted cubic spline (RCS) analysis, and then their association was assessed by a multivariate
Cox regression model. 30-day survival across different groups was compared by a Kaplan-Meier survival curve.

Results This study included 1036 patients, with a 30-day survival rate of 86.8%. They were assigned to four groups

by quartiles of ePVS. The Kaplan-Meier survival curve showed that the high ePVS group was at a higher risk of 30-day
ACM (p=0.007). Multivariate Cox regression analysis showed a positive association of ePVS as a continuous variable
with the risk of 30-day ACM (HR=1.09, 1.01-1.18, p=0.035). The risk of 30-day ACM was higher in the Q4 group vs.

the Q1 group with ePVS as a categorical variable (HR=1.70, 95% Cl: 1.03-2.80, p=0.039). RCS analysis showed a

linear relationship of ePVS with the risk of 30-day ACM (p=0.606), with a cut-off value of 6.23 dL/g. Subgroup analysis
revealed significant associations between the two within specific subgroups, but ePVS did not interact with any of the
subgroup variables.

Conclusion Our findings showed a significant association of high ePVS values with an increased risk of 30-day ACM.
This study helps to identify high-risk patients early and guide the development of personalized treatment strategies.

*Correspondence:
Jing Zhang
zhangjing68519@sohu.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-025-03895-y&domain=pdf&date_stamp=2025-4-23

Zhang et al. BMC Gastroenterology (2025) 25:314

Page 2 of 11

Strengths and limitations of this study

This study used data from the Mimic database to ensure consistency and reliability through strict data

cleaning and standardization processing.

The MIMIC-IV database and its accompanying Mimic Code Repository are open-source, ensuring comparability

and reproducibility of our research.

Few studies have discussed the correlation between plasma volume status estimation and 30 day mortality

risk in patients with severe acute pancreatitis.

Most of the patients in the study come from European and American countries. Whether these data match
the physical characteristics of populations in other countries or regions remains to be debated.

Keywords Acute pancreatitis, Estimated plasma volume status, 28-day mortality, MIMIC-IV database

Introduction

Acute pancreatitis (AP) is an inflammatory disorder of
the pancreas. It is mainly caused by gallstone disease
(40-65%) and alcohol abuse (25-40%). Its other causes
include hypertriglyceridemia, hypercalcemia, familial
disorders, viral infections, and periampullary tumors [1].
The incidence and hospitalization rates of AP tend to
increase in Asia, Europe and the Americas [2]. Severe AP
(SAP) can lead to serious complications with a mortal-
ity of 10-30 [3]. AP is histopathologically characterized
by damaged secretory acinar cells caused by primary or
secondary factors, which activates trypsinogen to inap-
propriately release trypsin and further activates other
digestive enzymes, thereby resulting in pancreatic autoly-
sis in the parenchyma [4]. The pathophysiologic mecha-
nisms of SAP are not yet fully understood. Although AP
can be diagnosed with the aid of relevant laboratory tests
and imaging examinations and genetic studies have been
published, there are still many difficulties and controver-
sies in the etiologic diagnosis, treatment, and prognos-
tic evaluation of AP. Its severity and prognosis are often
evaluated using scoring systems such as the Acute Physi-
ology and Chronic Health Evaluation (APACHE) II score,
Bedside Index of Severity in Acute Pancreatitis (BISAP)
score [5], and CT severity index [6]. However, the above
scoring systems require a large number of vital signs
and laboratory results or imaging findings as a basis for
scoring. Simple and effective methods for evaluating the
severity and prognosis of SAP are more convenient for
clinical use.

The estimated plasma volume status (ePVS) formula,
which evolved from the Strauss formula, can be calcu-
lated to assess plasma volume at a given time point [7].
Current studies on ePVS have found its correlation with
functional impairment of the kidneys, lungs, heart and
other organs, prolonged hospitalization, and an increased
risk of death during the treatment of some serious dis-
eases [8]. SAP is a complex and serious disease. There is
still no consensus on the choice of moderate fluid resusci-
tation or aggressive fluid resuscitation as in early SAP [9].
Monitoring of plasma volume during the management of

SAP may be helpful in evaluating its severity and progno-
sis. The accuracy of ePVS in evaluating the prognosis of
SAP is little known.

This study intended to analyze the relationship of ePVS
with the risk of 30-day ACM in SAP patients by collect-
ing and analyzing relevant clinical data from the Medical
Information Mart for Intensive Care IV (MIMIC-IV ver-
sion 2.2), thereby helping evaluate the severity and prog-
nosis of SAP.

Methods

Database

Data were collected from the above database (version
2.2) [10], which was created by Massachusetts Institute
of Technology’s Laboratory of Computational Physiology.
This database collected clinical data on patients hospital-
ized at the Beth IsraelDeaconess Medical Center between
2008 and 2019, including a large amount of data specific
to the ICU. The author, Haibo Zhang, has completed a
certification program and can access this database to
extract data (Record ID: 63644403). To protect patient
privacy, all ID information of patients was hidden.

Criteria for population selection

Data on AP patients were searched using disease codes
from the International Classification of Diseases, 9th
Revision and 10th Revision, Clinical Modification (ICD-
9-CM) and (ICD-10-CM) codes. Patients aged>18
years and initially admitted to the ICU were included in
this study. Exclusion criteria were as follows: Non-ICU
patients, and patients with missing data on hematocrit or
hemoglobin.

Data extraction

Clinical data on patients included age, gender, mari-
tal status, race, and comorbidities including obesity and
overweight, hypertension (HT), acute kidney injury
(AKTI), atrial fibrillation (AF), diabetes mellitu (DM),
and heart failure. Scoring systems included the Sequen-
tial Organ Failure Assessment (SOFA) score, and Severe
Acute Pancreatitis Score II (SAPS II). Vital signs included
the heart rate (HR), systolic blood pressure (SBP),
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diastolic blood pressure (DBP), mean arterial pressure
(MAP), respiratory rate (RR), pulse oxygen saturation
(SPO2), and temperature. Laboratory results involved
albumin, alkaline phosphatase (ALP), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), lac-
tate dehydrogenase (LDH), total bilirubin (TBIL), blood
urea nitrogen (BUN), chloride, creatinine, blood lipase,
phosphate, glucose, potassium, sodium, total calcium,
international normalized ratio (INR), lactate (Lac), anion
gap (AG), bicarbonate, white blood cell (WBC) count,
platelet (PLT) count, hematocrit (HCT), and hemoglo-
bin (HBG). Treatment involved mechanical ventilation
(MV), norepinephrine, statins, proton pump inhibitors
(PPI), Qctreotide, hospital stay, and ICU stay. All results
were the first test results after admission to the ICU. Both
drugs and ventilation were started within 24 h after ICU
admission.

Handling of outliers and missing values

Variables with more than 20% of missing data were
excluded. Variables with less than 20% of missing data
were interpolated using a multiple imputation method.
Outliers were processed using the Winsorization method
to reduce the impact of outliers on data analysis, and the
upper and lower limits were 99% and 1%, respectively.

ePVS definition
ePVS was estimated using the Strauss formula, which
considered HCT and the HBG concentration as esti-
mates of PVS. The formula is as follows [11]:

ePVS (dL/g)=(100- HCT((%))/HBG (g/dL).

Outcome

The outcome of this study was the risk of 30-day ACM
in SAP patients admitted to the ICU. The risk of 30-day
ACM indicated death from any cause in patients within
30 days from the first day of hospitalization.

Statistical analysis

Categorical variables were expressed as frequencies and
percentages and analyzed using the Chi-square test. Con-
tinuous variables were expressed as the mean (standard
deviation) and analyzed using the t-test if they followed a
normal distribution confirmed by the Shapiro-Wilks test.
Otherwise (if not), they were expressed as the median
(interquartile range) and analyzed using nonparametric
methods (Mann-Whitney U test). All confounders were
analyzed by LASSO regression, and 10-fold cross-vali-
dation was performed to derive A values and screen out
prognosis-related covariates. The survival probability of
each ePVS group was visualized using the Kaplan-Meier
(KM) curve and compared using a log-rank test. The
independent correlation between the ePVS level and the
risk of 30-day ACM in AP patients was assessed using
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univariate and multivariate Cox regression analyses.
Results were expressed as hazard ratios (HRs) with 95%
confidence intervals (CIs). Model I was unadjusted. Age
was adjusted in Model II. Model III was further adjusted
for SBP, albumin, BUN, INR, LDH, blood lipase, total
TBIL, AKI, DM, hyperlipidemia, norepinephrine use,
and statin use. The relationship of ePVS with the risk of
30-day ACM was checked by RCS analysis. Subgroup
analysis was performed by age (>=60 vs. <60), gender,
marital status, race, AKI, AF, DM, heart failure, obesity
and overweight, HT, ventilation, norepinephrine, statins,
PPIs, and octreotide. Data were analyzed by R 4.4.0, and
a 2-tailed p-value of <0.05 was considered statistically
significant.

Results

Demographics and baseline characteristics

A total of 1,036 patients were finally included in this
study. They included 524 (50.6%) patients younger than
60 years of age, 583 (56.3%) males, 676 (65.3%) whites,
and 446 (43.1%) married patients. The median length
of ICU stay for all patients was 2.75 (1.73; 5.24) days.
There were 899 (86.8%) 30-day survivors and 137 (13.2%)
deaths. All included patients were assigned by quartiles
of ePVS data (5.14 dL/g, 6.26 dL/g, 7.77 dL/g) to a Q1
group (n=258), Q2 group (n=260), Q3 group (n=259),
and Q4 group (n=259). There were significant differences
(<0.05) among different ePVS groups in gender, AKI,
obesity and overweight, SBP, DBP, MAP, SPO2, WBC
count, hematocrit, hemoglobin, albumin, ALP, AST, ALT,
LDH, blood lipase, phosphate, AG, BUN, INR, SAPS I,
and SOFA. The ePVS group had lower levels of SBP, DBP,
MAP, WBCs, hemoglobin, albumin, AST, ALT, LDH,
blood lipase. AKI was more likely to occur in the high
ePVS group. Obesity and overweight were more likely
to be present in the low ePVS group. Detailed results are
shown in Table 1.

Screening for covariates linked to the risk of 30-day ACM
using LASSO regression

All covariates were analyzed using LASSO regression
analysis, and 10-fold cross-validation was performed to
derive a value of 0.026 for the regularization parameter
)\, as shown in Fig. 1. All covariates linked to the risk of
30-day ACM were identified, including age, SBP, albumin,
BUN, INR, LDH, blood lipases, phosphate, TbIL, AKI,
DM, hyperlipidemia, norepinephrine use, and statins use.

KM survival curve

The risk of 30-day ACM was significantly increased in
the high ePVS group vs. the low ePVS group. Specifically,
the mortality was 9.69% in the Q1 group, 9.62% in the Q2
group, 15.8% in the Q3 group, and highest (17.8%) in the
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Table 1 The characteristic of included subjects between different groups
Variable Level Overall Q1 Q2 Q3 Q4 p-value
n=1,036 n=258 n=260 n=259 n=259
General information
Age group (%) <60 524 (50.6%) 147 (57.0%) 130 (50.0%) 130 (50.2%) 117 (45.2%) 0.063
>=60 512 (49.4%) 1 (43.0%) 130 (50.0%) 129 (49.8%) 142 (54.8%)
Gender (%) Female 453 (43.7%) 85 (32.9%) 107 (41.2%) 122 (47.1%) 139 (53.7%) <0.001
Male 583 (56.3%) 173 (67.1%) 153 (58.8%) 137 (52.9%) 120 (46.3%)
Marital status(%) Single 41 (32.9%) 92 (35.7%) 83 (31.9%) 81 (31.3%) 85 (32.8%) 0.352
Divorced/Widowed 185 (17.9%) 39 (15.1%) 47 (18.1%) 56 (21.6%) 43 (16.6%)
Married 446 (43.1%) 4 (44.2%) 111 (42.7%) 112 (43.2%) 109 (42.1%)
Unknow 64 (6.18%) 13 (5.04%) 19 (7.31%) 10 (3.86%) 22 (8.49%)
Race(%) White 676 (65.3%) 159 (61.6%) 171 (65.8%) 178 (68.7%) 168 (64.9%) 0.655
No White 262 (25.3%) 71 (27.5%) 63 (24.2%) 63 (24.3%) 65 (25.1%)
Unknow 98 (9.46%) 28 (10.9%) 26 (10.0%) 18 (6.95%) 26 (10.0%)
Comorbidities
Obesity and overweight(%)  No 854 (82.4%) 196 (76.0%) 208 (80.0%) 224 (86.5%) 226 (87.3%) 0.001
Yes 182 (17.6%) 62 (24.0%) 52 (20.0%) 35(13.5%) 33 (12.7%)
HT (%) No 1(39.7%) 94 (36.4%) 101 (38.8%) 110 (42.5%) 106 (40.9%) 0.528
Yes 625 (60.3%) 164 (63.6%) 159 (61.2%) 149 (57.5%) 153 (59.1%)
AKI(%) No 444 (42.9%) 4 (44.2%) 121 (46.5%) 7 (45.2%) 92 (35.5%) 0.048
Yes 592 (57.1%) 144 (55.8%) 139 (53.5%) 142 (54.8%) 167 (64.5%)
AF(%) No 770 (74.3%) 189 (73.3%) 198 (76.2%) 197 (76.1%) 186 (71.8%) 0.599
Yes 266 (25.7%) 69 (26.7%) 62 (23.8%) 62 (23.9%) 73 (28.2%)
DM (%) No 597 (57.6%) 153 (59.3%) 138 (53.1%) 159 (61.4%) 147 (56.8%) 0.253
Yes 439 (42.4%) 105 (40.7%) 122 (46.9%) 100 (38.6%) 112 (43.2%)
Heartfailure: No 752 (72.6%) 193 (74.8%) 188 (72.3%) 186 (71.8%) 185 (71.4%) 0.825
Yes 284 (27.4%) 65 (25.2%) 72 (27.7%) 73 (28.2%) 74 (28.6%)
Score system
SOFA (median [IQR]) 4.00[2.00;7.00]  4.00[2.00;,7.00] 4.00[2.00;6.00] 4.00[2.00;7.00] 5.00[3.00;8.00] 0.018
SAPSII (median [IQR]) 33.0[24.0/43.0] 31.0[23.043.0] 305[220422] 34.0([245/430] 36.0[26.0460] 0.006
Vital signs
HR (median [IQR]) 93.0[80.0;109] 96.0[81.0;114] 91.0[80.0;104]  95.0[80.0;111]  91.0[79.0;107]  0.022
SBP (median [IQR]) 126 [110;145] 137 [117;150] 126 [112;144] 123[109;142] 121 [105;137] <0.001
DBP (median [IQR]) 71.0[59.0;83.00 77.0[67.0,93.0] 715[60.8;83.0]1 69.0[56.579.0] 650[53.0,76.5] <0.001
MAP (median [IQR]) 84.0[72.897.0] 92.0[80.2,106] 855[77.0,97.2] 82.0([71.0,96.0] 780[67.0,900] <0.001
HR (median [IQR]) 93.0[80.0;109] 96.0[81.0;114]  91.0[80.0;,104] 95.0[80.0;111]  91.0[79.0;,107]  0.022
RR (median [IQR]) 19.0[16.0,24.0] 19.0[16.0,240] 19.0[16.0223.0] 19.0[15.0;23.0] 20.0[16.024.0] 0.158
SPO2 (median [IQR]) 97.0[95.0,99.0] 96.0[94.0,980] 97.0[95.0,99.0] 98.0[95.5;100] 98.0[96.0;,100]  <0.001
Temperature (median [IQR]) 98.2[97.6,989] 983[97.599.0] 98.2[97.7,98.8] 983[97.6,99.0] 982[97.6,989] 0.781
Laboratory results
Albumin (median [IQR]) 3.10[2.70;3.60]  3.30[2.90;3.80] 3.30[2.80;3.70] 3.10[2.70,;3.60] 2.90[2.50;3.30] <0.001
ALP (median [IQR]) 90.5 [66.0;156] 5[61.2,140] 96.0[68.0;154] 101[68.0;172]  93.0[66.5164] 0.014
ALT (median [IQR]) 40.0[20.0,96.0] 47.0[24.2;,134] 4501([23.8;114] 380[20.0;102] 31.0[15.560.0] <0.001
AST (median [IQR]) 525[27.0,128] 580([31.0;145] 62.0[288;150] 49.0[30.0;124] 42.0[22.0,95.0] <0.001
LDH (median [IQR]) 273 [199;445] 320[214;538] 274 [206;461] 249 [188;386] 263 [190;396] <0.001
Tbil (median [IQR]) 0.80[0.50,2.10]  0.90[0.50;2.10]  0.75[0.48;1.90] 0.80[0.40;2.30] 0.70[0.40,2.20] 0.171
BUN (median [IQR]) 19.0[12.0;33.0] 19.0[12.0;30.0] 17.0[11.0,290] 180([11.0,375] 23.0[14.537.5] 0.001
Chloride (median [IQR]) 105 [101;109] 105 [101;108] 104 [100;109] 106 [101;109] 105 [101;110] 0.185
Creatinine (median [IQR]) 1.00[0.70;1.60]  1.00[0.70;1.50] 0.90[0.70;1.50]  0.90[0.70;1.70] ~ 1.00[0.70;2.00]  0.446
Bloodlipase (median [IQR]) 93.0[33.0/434] 190[50.0,722]  93.0[33.0/404] 67.0[29.0,250] 83.0[28.0,299] <0.001
Phosphate (median [IQR]) 3.30([250/4.10] 320[250;4.10] 3.20[2.30,4.00] 3.20[240/4.10] 3.70[2.75440] <0.001
Glucose (median [IQR]) 122[99.0;162] 125[103;182] 121 [97.0;160] 120 [97.0;156] 122[98.0;154]  0.102
Potassium (median [IQR]) 4.00[3.60;4.40] 4.00[3.62:447] 3.90[3.60;430] 4.00[3.60;440] 4.00[3.60;450] 0272
Sodium (median [IQR]) 138[136;141] 139[136;141] 138[136;141] 138 [136;141] 139[135;141] 0.732
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Table 1 (continued)

Variable Level Overall Q1 Q2 Q3 Q4 p-value

n=1,036 n=258 n=260 n=259 n=259

Totalcalcium (median [IQR]) 8.10[7.50,860] 820([7.43,870] 820[7.688.70] 8.10[7.60;860] 7.90([7.40,840] 0.003

INR (median [IQR]) 1.30[1.10;1.50]  1.20[1.10;,1.40] 1.20[1.10;1.42]  1.30[1.10;1.60] 0[1.10;1.70]  <0.001

Lac (median [IQR]) 1.70[1.20;2.60] 0 [1.40;2. 60} 1.70[1.20,2.60]  1.70[1.10;2.50] 0[1.05;2. 80} 033

AG (median [IQR]) 14.0(12.0,17.0] 150[13.0;180] 14.0[12.0;17.0] 15.0[12.0;,18.0] 0[12.0;17.0] 0.003

Bicarbonate (median [IQR]) 23.0[19.025.2] 220[19.0,260] 23.0[20.0,26.0] 22.0[18.0;25.0] 22.0[19.0,250] 0.051

WBC (median [IQR]) 104[7.00;15.7] 119[843;16.6] 1041[6.70;16.0] 10.0[7.20;,149] 9.00[5.85;14.6] <0.001

PLT (median [IQR]) 191[128,273] 183 [135;240] 194 [136;271] 195[131,278] 192 [116;306] 0453

HCT (median [IQR]) 325[27936.8] 403[384436] 345[334357] 302[290316] 256[23.1,270] <0.001

HBG (median [IQR]) 10.8[9.30;12.3] 136[128;145] 11.6[11.2,120] 10.0[9.70;,104] 8.40[7.70,8.90] <0.001

Treatment

Ventilation (%) No 580 (56.0%) 143 (55.4%) 149 (57.3%) 150 (57.9%) 138 (53.3%) 0711
Yes 456 (44.0%) 5 (44.6%) 111 (42.7%) 109 (42.1%) 121 (46.7%)

Norepinephrine (%) No 770 (74.3%) 189 (73.3%) 195 (75.0%) 191 (73.7%) 195 (75.3%) 0.943
Yes 266 (25.7%) 69 (26.7%) 65 (25.0%) 68 (26.3%) 64 (24.7%)

Statins (%) No 650 (62.7%) 173 (67.1%) 162 (62.3%) 160 (61.8%) 155 (59.8%) 0376
Yes 386 (37.3%) 85 (32.9%) 98 (37.7%) 99 (38.2%) 104 (40.2%)

PPI (%) No 230 (22.2%) 62 (24.0%) 70 (26.9%) 57 (22.0%) 41 (15.8%) 0.019
Yes 806 (77.8%) 196 (76.0%) 190 (73.1%) 202 (78.0%) 218 (84.2%)

Qctreotide (%) No 947 (91.4%) 243 (94.2%) 246 (94.6%) 231 (89.2%) 227 (87.6%) 0.007
Yes 89 (8.59%) 15 (5.81%) 14 (5.38%) 28 (10.8%) 32 (12.4%)

ICU los (median [IQR]) 2.75[1.73,524] 27711725971 275[1.72475] 273[1.73;479] 275[1.76/482] 0.86

Status 30d: Alive 899 (86.8%) 233 (90.3%) 235 (90.4%) 218 (84.2%) 213 (82.2%) 0.008
Dead 137 (13.2%) 25 (9.69%) 25 (9.62%) 41 (15.8%) 46 (17.8%)

Results are expressed as mean (SD), median [IQR] or n (%). DM, Diabetes Mellitus; HT, Hypertension; SOFA, Sequential Organ Failure Assessment score; Charlson,
comorbidity index;

APACHE I, Acute Physiology And Chronic Health Evaluation II; SASPII, Severe Acute Pancreatitis Score II; HR, Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic
Blood Pressure;

MAP, Mean Arterial Pressure; RR, Respiratory Rate; ePVS, Estimated plasma volume status; Lac, Lactate; WBC, White Blood Cell count; PLT, Platelet count; HCT,
hematocrit; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; PT, Prothrombin Time; INR, International Normalized Ratio; BUN, Blood Urea Nitrogen;
Cr, Creatinine; CRRT, Continuous Renal Replacement Therapy; AKI, Acute Kidney Injury; Losicu, Length of ICU Stay
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Fig. 1 Lasso Regression. (A) Process of Selection variables by LASSO regression. (B) Process of selecting the parameter of best lambda value by
cross-validation

Q4 group (p=0.007). These data are presented via the
KM survival curve (Fig. 2).

COX regression for determining the association of ePVS
with the risk of 30-day ACM

To determine the association of ePVS with the risk of
30-day ACM in SAP patients, we conducted Cox regres-
sion analysis, in which ePVS was included in the model

as both continuous and categorical variables. First, we
performed univariate Cox regression analysis with ePVS
as a continuous variable. The results showed that ePVS
was significantly positively associated with the risk of
30-day mortality in Model I (HR=1.16, 95% CIL: 1.07-
1.26, p<0.001). In Model II, ePVS was still significantly
positively associated with the risk of mortality (HR=1.14,
95% CI: 1.05-1.24, p<0.001). In Model III, there was
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Fig. 2 Kaplan—-Meier survival curve of 30-day cumulative survival rate for every ePVS groups (Q1, Q2, Q3 and Q4)

Table 2 ePVS levels and all-cause 30 days mortality of acute pancreatitis

Model I, HR 95%Cl, p value

Model II, HR, 95%Cl, p value Model 11, HR, 95%Cl, p value

30-day mortality
ePVS (continuous variable)
ePVS [Categorical variables (quartile)]

1.16 (1.07-1.26, p<0.001)

Q1 Ref

Q2 0.99 (0.57-1.73,p>0.9)
Q3 1.69(1.03-2.77, p=0.04)
Q4 1.94 (1.19-3.16, p=0.008)
P for trend p=0.001

114 (1.05-1.24, p<0.001) 1.09 (1.01-1.18, p=0.035)
Ref Ref
0.93(0.54-1.63,p=0.8) 0.98 (0.56-1.72,p>0.9)
1.58(0.96-2.61, p=0.07) 1.39(0.82-2.35, p=0.2)
1.74(1.07-2.84, p=0.026) 1.70(1.03-2.80, p=0.039)
p=0.004 p=0015

Model I: No adjustments
Model Il: Adjusted for Age

Model llI: In addition to Model Il adjustments, further adjustments were made for Systolic Blood Pressure (SBP), Albumin, Blood Urea Nitrogen (BUN), International
Normalized Ratio (INR), Lactate Dehydrogenase (LDH), Bloodlipase, Total Bilirubin(Tbil), Acute Kidney Injury (AKI), Diabetes Mellitus (DM), Hyperlipidemia,

Norepinephrine use, Statins use

also an association of ePVS with such risk, as shown in
Table 2.

Similarly, univariate and multivariate Cox regression
analyses with ePVS as a categorical variable were done to
determine the effects of different ePVS levels on the risk
of 30-day ACM in SAP patients. In Model I, the ePVS
level was positively associated with such risk in the high
ePVS group vs. the low ePVS group (Q3: HR=1.69, 95%
CL 1.03-2.77, p=0.04; Q4: HR=1.94, 95% CI, 1.19-3.16,
p=0.008; p for trend=0.001). In Model II, there was
still an association of a high ePVS level with a higher

risk of 30-day ACM (Q3: HR=1.58, 95% CI, 0.96-2.61,
p=0.07; Q4: HR=1.74, 95% CI, 1.07-2.84, p=0.026;
p for trend=0.004). In Model III, the risk of mortal-
ity was higher in the high ePVS group vs. the low ePVS
group (Q4: HR=1.70, 95% CI, 1.03-2.80, p=0.039; p for
trend =0.015).

RCS analysis for observing the nonlinear relationship of
ePVS with the risk of 30-day ACM

RCS analysis revealed a linear relationship between the
level of ePVS at ICU admission and the risk of 30-day
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ACM (p=0.606), as shown in Fig. 3. When the HR was 1,
the cut-off value of ePVS was determined to be 6.23 dL/g.

Subgroup analysis

Subgroup analyses were performed according to age,
gender, marital status, race, AKI, AF, DM, heart failure,
hyperlipidemia, HT, obesity and overweight, norepi-
nephrine use, statins use, PPI use, octreotide use, and
MV. Subgroup analysis revealed a significant association
within specific subgroups, as shown in Fig. 4. The asso-
ciation of ePVS with the risk of 30-day ACM was more
significant in patients younger than 60 years (HR=1.25,
95% CI: 1.07-1.45), white patients (HR=1.15, 95% CL
1.03-1.28), patients experiencing AKI (HR=1.11, 95%
CI:1.02-1.21), patients with comorbid DM (HR=1.18,
95% CI:1.02-1.37), obese/overweight patients (HR =1.84,
95% CI=1.23-2.76), patients using norepinephrine
(HR=1.12, 95% CI=0.99-1.26), patients using MV
(HR=1.13, 95% CI=1.06-1.26), and patients not using
octreotide (HR=1.09, 95% CI=1-1.2). ePVS showed no
interaction with all included subgroup variables, with all
pvalues for interaction higher than 0.05.

Discussion

MIMIC is a large clinical database that brings together
high-quality clinical data on a wide range of ICU and
emergency patients, which are continuously updated.
Exhaustive clinical data on 1,036 SAP patients admitted
to the ICU were collected from the MIMIC database in
this study. To ensure its scientificity and reliability, the
data were rigorously cleaned and screened to exclude
variables with a high percentage of missing data and
interpolate data with a low percentage of missing data.
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The results showed a total of 137 deaths (13.2%) within
30 days. The relationship of ePVS at ICU admission with
the risk of 30-day ACM was explored using RCS analy-
sis. It was found that the risk of 30-day ACM increased
with ePVS before it reached the cut-off value of 6.23
dL/g. Interestingly, RCS analysis also indicated a linear
relationship between the level of ePVS at ICU admission
and the risk of 30-day ACM (p =0.606, Fig. 3). This sug-
gests that mortality risk will increase as ePVS exceeds
the cut-off value, while the relationship will become less
predictable with levels below such value. The KM curve
also showed a significant difference in survival across dif-
ferent ePVS levels, and a lower survival rate was found
in the high ePVS group. Cox regression permits to evalu-
ate simultaneously the impact of multiple covariates
(adjusted for) on survival. Therefore, univariate and mul-
tivariate Cox regression analyses were used in our study
to identify independent predictors of 30-day ACM in
ICU patients with SAP. The results of multivariate Cox
regression analysis with ePVS as either a continuous or
categorical variable showed a significantly higher risk
of mortality in patients with a high ePVS level vs. those
with a low ePVS level, indicating that there was a posi-
tive association of ePVS with the risk of mortality in SAP
patients. In addition, our study found a significantly
higher incidence of AKI (64.5%) in the high ePVS group
(especially the Q4 group) vs. the other ePVS group, which
may imply an association of ePVS with renal impairment.

Recent advancements in computational methods have
underscored the growing importance of advanced ana-
lytical techniques in clinical research. For instance, deep
learning applied to medical imaging, such as multi-
modal MRI-based brain tumor segmentation [12],

The relationship between the variable and the predicted probability
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4 | P for overall = 0.001
P for nonlinear = 0.606
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Fig. 3 Restricted Cubic Spline (RCS) analyses of the correlation between estimated plasma volume status(ePVS)and the risk of 30-day all-cause mortality

in patients with severe acute pancreatitis (SAP)
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Variables N(%) 30-day mortality HR(95%CI) P value P for interaction
Age ' : 0.081
<60 524 (50.6%) E —— ;1.25(1.07-1.45) 0.004
>=60 512 (49.4%) ! —— 11.03(0.94-1.14) 0.5
Gender ] 0.746
Male 583 (56.3%) ! -— £1.10(0.99-1.22) 0.089
Female 453 (43.7%) | = :1.08(0.93-1.24) 0.3
Marital E : 0.305
Single 341 (32.9%) | —=—— i1.20(0.98-1.47) 0.078
Divorced/Widowed 185 (17.9%) ! ——=—— 11.16(0.92-1.46) 0.2
Married 446 (43.1%) ! +— £1.09(0.97-1.22) 0.14
Unknow 64 (6.18%) 10.22(0.06-0.87) 0.031
Race g 0.329
White 676 (65.3%) ! —— £1.15(1.03-1.28) 0.015
No White 262 (25.3%) E —=—— 11.25(1.04-1.51) 0.019
Unknow 98 (9.46%) E — 10.94(0.75-1.17) 06
AKI: ' 0.259
No 444 (42.9%) | —=— 10.97(0.76-1.22) 0.8
1 i
Yes 502 (57.1%) ! . 11.11(1.02-1.21) 0.018
AF: E 0.928
No 770 (74.3%) E r-— £1.08(0.98-1.20) 0.14
Yes 266 (25.7%) E — 1.15(0.99-1.32) 0.065
Diabetes: ! 0.314
No 507 (57.6%) ! — 11.08(0.98-1.19) 0.12
Yes 439 (42.4%) E —=—  11.18(1.02-1.37) 0.024
Heartfailure: E 0.937
No 752 (72.6%) | — £1.10(1.00-1.21) 0.05
Yes 284 (27.4%) | @ —— £1.05(0.89-1.24) 0.6
Hyperlipidemia: ! 0.167
No 586 (56.6%) ! -— £1.10(1.00-1.21) 0.043
Yes 450 (43.4%) E —— %1.00(0.85—1.17) >0.9
HT: E i 0.288
No 411 (39.7%) ! —|e— 11.04(0.92-1.18) 05
Yes 625 (60.3%) ! —— 1.11(0.99-1.23) 0.069
Obesityandoverweight: E 0.131
No 854 (82.4%) | o i1.06(0.97-1.15) 0.2
Yes 182 (17.6%) — 1.84(1.23-2.76) 0.003
Norepinephrine: ! 0.489
No 770 (74.3%) | +— :1.06(0.94-1.18) 0.3
Yes 266 (25.7%) | —-— 1.12(0.99-1.26) 0.07
Statins: E 0.816
No 650 (62.7%) | T £1.07(0.97-1.17) 0.2
Yes 386 (37.3%) ! - £1.09(0.92-1.29) 0.3
MV: ! 0.404
No 580 (56.0%) 1 —=— 10.96(0.84-1.10) 0.6
Yes 456 (44.0%) | —— 1.13(1.02-1.26) 0.024
1 i
PPI: | 0.876
No 230 (22.2%) | —F%— :1.01(0.83-1.23) >0.9
Yes 806 (77.8%) E —— i1.12(1.02-1.22) 0.018
Octreotide: _ 0.865
No 947 (91.4%) | -— £1.09(1.00-1.20) 0.048
1 H
Yes 89 (8.59%) ' — 0.99(0.70-1.40) >0.9

T 1T 1T T 1
0608 1 121416

Fig. 4 Subgroup analysis of the association between ePVS and 30-day mortality
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demonstrated the potential of sophisticated algorithms
to enhance diagnostic precision and disease character-
ization [12]. Similarly, our study aligns with this trend
by leveraging robust statistical methodologies, including
RCS analysis and Cox regression models, to elucidate the
relationship between ePVS and mortality in SAP. These
statistical tools, aimed at generating feature-preserving
networks for retinal vasculature segmentation, enable
nuanced interpretation of complex clinical data, and help
reveal critical thresholds (e.g., an ePVS cut-off value of
6.23 dL/g) and linear relationships (p=0.606) for patient
risk stratification [13].

Radioisotopes are the gold standard for assessing
plasma volume. However, this method is costly, carries
radiation risks, and is not available in most healthcare
facilities. Given the clinical needs, several alternative
methods have emerged to assess plasma volume, among
which ePVS is a clinically accessible and rapid indicator
for plasma volume. Initially, the Strauss formula AePVS
was proposed for assessing the change in plasma vol-
ume between two time points [14]. Subsequently, based
on AePVS, Duarte, et al. developed a formula for ePVS
calculation, which was able to calculate instantaneous
plasma volume using hematocrit and hemoglobin val-
ues at a single time point [15]. Clinical studies of ePVS
have focused on cardiovascular disease (CVD), and
numerous studies have confirmed an association of ePVS
with a poor prognosis of CVD. For example, ePVS was
positively linked to the risk of in-hospital mortality in
patients with acute myocardial infarction with an area
under the receiver operating characteristic (ROC) curve
of 0.667 (95% CI: 0.653—0.681) [16]. In addition, the ePVS
value in combination with the fractional excretion of urea
nitrogen (FEUN) was significantly linked to the risk of
ACM in patients with acute decompensated heart fail-
ure (HR, 2.92 [95% CI, 1.73—-4.92; P<0.001]) [9]. In those
with pre-capillary pulmonary hypertension, ePVS was
associated with the occurrence of cardiorenal syndrome
and the survival rate during follow-up (HR, 2.33, 95% CI
[1.49, 3.63]) [17]. The reasons for the association of ePVS
with adverse cardiovascular events may be twofold. On
the one hand, an increased cardiac load in a high plasma
volume state leads to increased stasis in tissues/organs;
on the other hand, the change in plasma volume state
may increase the risk of thrombosis [18].

In the management of severe diseases such as SAP,
accurately assessing plasma volume status in patients is
crucial for guiding and timely adjusting treatment regi-
mens. SAP at the early stage is frequently accompanied
by systemic inflammatory response syndrome (SIRS),
which leads to loss of fluid in the third interstitial space
and transfer of intravascular fluid to the extracellular
space, thereby causing tissue hypoperfusion. Hence,
early fluid resuscitation is required [18]. During fluid
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resuscitation, it is critical to monitor plasma volume to
avoid over-hydration, which may increase the risk of poor
prognosis. In early fluid resuscitation in acute pancreati-
tis, aggressive intravenous rehydration (>4.475 L within
24 h), compared to moderate intravenous rehydration,
may result in faster hemodilution (hematocrit<35%),
a higher incidence of organ failure (16.5% vs. 4.9% and
7.6%, p=0.013), an increased risk of sepsis, and reduced
survival rate [19]. The rehydration volume and rehydra-
tion rate differ for aggressive intravenous fluid resuscita-
tion. However, similarly, a study by Enrique de-Madaria,
et al. found that rehydration of more than 4.1 L during
the first 24 h of treatment for acute pancreatitis had a sig-
nificant independent association with persistent organ
failure, AKI, respiratory function and renal insufficiency
[20]. A retrospective cohort study by Julton Tomanguillo,
et al. based on the TriNetX Research Network showed
that 24-hour aggressive intravenous rehydration (>3 ml/
kg/hr) was not found to be superior to non-aggressive
intravenous rehydration in reducing the length of hospi-
talization and the risk of 30-day mortality, AKI, and sep-
sis in those with acute pancreatitis (< 1.5 ml/kg/hr) [21].
These findings suggest that during fluid resuscitation in
SAP, individualized assessment should be performed to
adjust the total amount of fluid and the rate of infusion
at the early stage, because both insufficient and over-
expanded plasma volume may have a negative impact
on prognosis [22]. Prospective studies are warranted to
further confirm whether ePVS, as an indicator for non-
invasive, rapid and simple assessment of plasma volume,
can be used as an additional indicator to assist in guiding
early fluid resuscitation.

However, there are some limitations in the present
study. Due to database limitations, we performed rigor-
ous data preprocessing (excluding records with missing
or contradictory critical variables), employed the modu-
lar approach adopted by the MIMIC-IV for data orga-
nization (e.g., ICD-9 coding and ICD-10 coding), and
used multiple imputation to account for potential miss-
ing data. Additionally, we were unable to compare ePVS
with traditional scoring systems (APACHE II, BISAP,
etc.) due to incomplete data required for these systems.
Although potential confounders were adjusted for dur-
ing data collection and analysis, there may still be some
bias that cannot be completely eliminated. Selection bias
might arise from the specific inclusion criteria used in
our study, potentially limiting the generalizability of our
findings. Measurement bias could occur due to variations
in how data were collected across different time points,
which may affect the accuracy of ePVS estimates. It is
worth noting that ePVS is not equivalent to actual plasma
volume, and may be limited in specificity as a stand-
alone predictor due to potential influences from factors
such as anemia or dehydration. Therefore, more precise
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indicators for plasma volume are needed to further vali-
date our findings. The Strauss formula provides a direct
correlation among hematocrit, hemoglobin, and plasma
volume. However, this easy tool may not fully encapsulate
a complex dynamic change in plasma volume in critically
ill patients. Therefore, further validation and refinement
of the Strauss formula are warranted within the context
of the SAP. Based on the results of our study, larger mul-
ticenter studies or independent cohort studies can be
carried out in the future to enhance the external validity
of the results and account for regional or institutional dif-
ferences, such as variations in clinical protocols or socio-
economic factors. Moreover, our study focused on SAP
patients. Therefore, our findings may not be applicable to
non-SAP patients or SAP patients who were not admit-
ted to the ICU. Future research is needed to validate our
results in a broader population. Another limitation of
this study is the absence of longitudinal tracking of ePVS,
which precluded our ability to characterize dynamic
associations between plasma volume fluctuations and
clinical outcomes. Future prospective studies should pri-
oritize serial ePVS measurements alongside detailed fluid
management and clinical intervention records to eluci-
date how evolving plasma volume status interacts with
treatment strategies and influences prognosis in critically
ill patients.

Conclusion

This study revealed a significant positive correlation of
a higher ePVS value with the risk of 30-day ACM in the
patients. This finding provides physicians with a more
precise tool to assess the risk of 30-day ACM in criti-
cally ill patients at an early stage. By identifying high-risk
patients, physicians can take timely and targeted thera-
peutic measures, which may significantly improve patient
prognosis.
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